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Purpose: To assess the number of surgeries needed to acquire the necessary skills to perform spine surgery independently.
Patients and Methods: A questionnaire on 12 different spinal procedures was sent to orthopedic surgeons affiliated with the spine
teams of orthopedic departments at either the Akita University or Sapporo Medical University. Participants were asked to identify whether
they (A) could independently perform each procedure, (B) could perform each procedure with the assistance of a senior doctor, or (C) were
unable to perform each procedure. Those whose response was (A) were asked how many surgeries were required to acquire the necessary
skills. Those who responded to (B) or (C) were asked how many surgeries they believed were required to acquire the skills necessary to
operate independently. Participants also responded to 10 questions on surgical training techniques and rated the usefulness of each method.
Results: A total of 55 spine surgeons responded to the questionnaire. Group A required significantly fewer surgeries in the
following categories to become independent than required Group C: upper cervical spine surgery (7.3/19.3), anterior cervical
decompression/fusion (6.7/28.8), posterior cervical decompression/fusion (9.5/27.3), lumbar discectomy (12.6/26.7), endoscopic
lumbar discectomy (10.2/24.2), spinal tumor resection (6.5/37.2), and spinal kyphosis surgery (10.3/32.3). Over 80% of
participants responded that the following were effective methods: “surgeries where a senior doctor is the main surgeon, and
the respondent is the assistant and observer”; “surgeries where the respondent is the main surgeon, and a senior doctor is an
assistant”; “self-study using surgery manuals, articles, and textbooks”; and “training through video surgery sessions”.
Conclusion: Surgeons who do not perform specific procedures independently require more surgical experience than those who
operate independently. Our results may help develop more efficient training methods for spine surgeons.
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Plain Language Summary

Surgical experience is essential for mastering the skills required to perform spine surgery effectively, and on-The-job training with
actual patients is indispensable to learn the appropriate techniques. This study aimed to assess the number of surgeries needed to
acquire the necessary skills to perform spine surgery independently. A questionnaire on 12 different spinal procedures was sent to
orthopedic surgeons affiliated with the spine teams of orthopedic departments at our institutions. We found that surgeons who do not
perform specific procedures independently require more surgical experience than those who operate independently. Our results may
help develop more efficient training methods for spine surgeons.

Introduction
Surgical experience is essential for mastering the skills required to perform spine surgery effectively, and on-The-job
training with actual patients is indispensable to learn the appropriate techniques. In previous reports, Li et al' have

demonstrated that for spine surgery, most surgeons and procedures performed per year in a hospital positively correlated
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with lower morbidity and mortality, shorter length of stay, and fewer readmissions and hospitalization costs. Similarly,
De la Garza Ramos et al’® Blais et al® and Frankel et al* and Schoenfeld et al® reported lower complication rates in
anterior cervical decortication and fusion, lumbar spine surgery, and cervical lumbar spine surgery, respectively, with
a similarly higher-than-average annual number of hospital operations.

These studies consistently focused on the number of surgeons and operations in a hospital and did not investigate the
number of operations performed by a single surgeon.

One orthopedic study reported the number of cases required to gain autonomy based on a survey of 727 surgery
residents trained in an orthopedic training program in the United States.® However, to the best of our knowledge, no
study has focused on one spine surgeon and assessed the number of operations required to acquire the skills necessary to
perform each spine operation independently. Identifying the number of surgeries required to acquire these skills can help
develop an efficient training system for surgeons and enable inexperienced spine surgeons to plan their careers. This can
also prevent inexperienced surgeons from prematurely performing spine surgery independently on patients.

We surveyed spine surgeons to determine the number of surgeries required to obtain the skills necessary to perform
various spinal surgeries independently and to investigate effective training methods to improve their surgical skills.

Materials and Methods

A questionnaire survey was sent to 70 orthopedic surgeons affiliated with the spine teams of orthopedic departments at
either the Akita University or Sapporo Medical University. The questionnaire was administered via e-mail using
a computer-based input method. We excluded those in the early stages of their medical internship. This study met the
criteria for exemption from Institutional Review Board approval; therefore, the requirement for informed consent was
waived.

Our questionnaire aimed to assess the following items pertaining to the acquisition of independent surgical skills: the
number of years since obtaining a medical license; type of hospital where the surgeon was working (university hospital,
private hospital [general or orthopedic hospital], or clinic); whether the surgeon was certified as a Japanese Society of
Spine and Spinal Cord Diseases instructor; number of independent spine surgeries the surgeon performed per year; and
current state of skill acquisition by the surgeon.

In this survey, the surgeons were asked questions concerning 12 different types of spine surgeries, namely upper
cervical surgery, anterior cervical decompression/fusion, posterior cervical decompression/fusion, anterior lumbar fusion,
posterior lumbar decompression, endoscopic posterior lumbar decompression, posterior lumbar decompression and
fixation, lumbar discectomy, endoscopic lumbar discectomy, spinal tumor resection, spinal kyphosis surgery, and
percutaneous vertebroplasty. For each procedure listed, the participants were asked to identify whether (A) they could
perform the procedure independently, (B) they could perform the procedure with the help of a senior doctor, or (C) they
could not perform the procedure. If participants selected (A) for any of the procedures, they were asked to state the
number of surgeries they had to perform to acquire the necessary skills. If the participants selected options (B) or (C) for
any of the procedures, they were asked how many surgeries they believed were necessary to acquire the skills required to
independently perform the procedures.

To gain information on training related to surgical skill improvement, the following information on actual surgical
training was collected: (1) surgeries where the participant was the main surgeon and a senior doctor was the assistant; (2)
surgeries where a senior doctor was the main surgeon and the participant was the assistant and observer; (3) surgeries
where the participant was the main surgeon and a doctor with less experience in spinal surgery was the assistant; and (4)
participation in orthopedic surgeries not involving the spine. The following simulation-related information was also
collected: (5) surgical training on cadavers; (6) surgical training on animals; (7) surgical training using simulation
models; and (8) virtual reality surgical training. As for self-education training, information was sought on (9) self-study
with surgery manuals, articles, and textbooks and (10) training sessions using surgery videos. For these 10 items,
respondents were asked to evaluate whether each training method was effective using the following 5-option scale:
“strongly agree”, “agree”, “neither agree nor disagree”, “disagree”, and “strongly disagree”.

As a secondary evaluation, the same analysis was conducted with two groups: one group of surgeons who obtained
a medical license <22 years (3—21 years) ago (young group) and another group of senior surgeons who obtained their
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license >22 years ago (senior group). We also interviewed the senior group to determine what they could do to improve
their surgical skill.

Statistical Analyses

The average number of surgeries performed by the participants who positively answered to (A), (B), or (C) was
compared for each surgical procedure. Fisher’s exact probability test was used to assess the significance of the data
among the three groups, while the Mann—Whitney U-test was used to assess the significance of non-parametric data
between groups. A p-value <0.05 was considered statistically significant. Non-parametric tests were employed for this

study as the “small sample size”, “inclusion of outliers” and “qualitative data” raised doubts regarding the normality of
the data.

Results

Of the 70 surgeons surveyed, 55 responded (response rate, 78.6%; 25 of 29 surgeons from the Akita University and 31 of
40 surgeons from the Sapporo Medical University). Demographic data are summarized in Table 1. Regarding the time
since obtaining a medical license, the largest percentage of participants had obtained a license >22 years ago (42%),
followed by 16-18 (15%) and 7-9 (15%) years ago. The largest percentage of surgeons worked in university hospitals
(35%), followed by private general and orthopedic hospitals. Qualified spine surgery instructors comprised 19 of 55
participants. The annual number of spine surgeries in which the surgeons participated was within the range of 61-90 for
the largest percentage of surgeons (25%), followed by 31-60 (18%) and 121-150 (13%) surgeries.

Table | Demographic Data

Type of Hospital

University hospitals 19 (34.5%)
Private general hospitals 17 (30.9%)
Private orthopedic hospitals 10 (18.2%)
Clinics 5 (9.1%)
Others 4 (7.3%)
Period from obtaining a doctor’s license (years)
3-6 I (1.82%)
7-9 8 (14.5%)
10-12 6 (10.9%)
13-15 5 (9.1%)
16-18 8 (14.5%)
19-21 4 (7.27%)
>22 23 (41.8%)
Other licenses
Spine surgery instructor 19 (34.5%)
Non-spine surgery instructor 36 (65.5%)
Annual number of surgeries performed by
participants
0-30 6 (10.9%)
31-60 10 (18.2%)
61-90 14 (25.5%)
91-120 6 (10.9%)
121-150 7 (12.7%)
151-180 I (1.8%)
181-210 I (1.8%)
211-240 3 (5.5%)
241-270 3 (5.5%)
271-300 1 (1.8%)
> 300 3 (5.5%)
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As for the current state of technical acquisition, 80% of participants were able to perform lumbar discectomy,
posterior lumbar decompression, and posterior cervical decompression/fusion, and nearly 50% were able to perform
anterior lumbar fusion and endoscopic lumbar discectomy. The number of participants who answered (A), (B), or (C) for
each spinal surgery item is summarized in Table 2.

The number of surgeries reported for each type of spinal surgery (for Groups A, B, and C) is summarized in Table 3.
The participants who reported autonomy (Group A) responded that they required fewer surgeries to adequately perform
the surgeries independently than what was believed to be necessary by those with an inability to perform the surgeries
(Group C). This difference was significant for upper cervical spine surgery (Group A, 7.3/ Group C, 19.3), anterior
cervical decompression/fusion (6.7/28.8), posterior cervical decompression/fusion (9.5/27.3), lumbar discectomy (12.6/
26.7), endoscopic lumbar discectomy (10.2/24.2), spinal tumor resection (6.5/37.2), and spinal kyphosis surgery (10.3/
32.3) (Table 3). In Group A, the average number of surgeries deemed necessary to acquire the skills to act independently
was ranked as follows: posterior lumbar decompression and fixation ranked highest (n=15), followed by posterior lumbar
decompression (n=14.2), endoscopic posterior lumbar decompression (n=13.3), lumbar discectomy (n=12.6), other
operations (n <10), and percutaneous vertebroplasty (n=4.2) (Figure 1). The average number of surgeries considered

Table 2 Summary of Participants’ Responses

Operates Operates with Unable to Operate

Independently a Senior Doctor Independently

A) (B) ©
Upper cervical surgery 23 (41.8%) 13 (23.6%) 19 (34.5%)
Anterior cervical decompression/fusion 33 (60.0%) I'1 (20.0%) 11 (20.0%)
Posterior cervical decompression/fusion 44 (80.0%) 3 (5.5%) 8 (14.5%)
Anterior lumbar fusion 18 (32.7%) 9 (16.4%) 28 (50.9%)
Posterior lumbar decompression 45 (81.8%) 8 (14.5%) 2 (3.6%)
Endoscopic posterior lumbar decompression 21 (38.2%) 7 (12.7%) 27 (49.1%)
Posterior lumbar decompression and fixation 43 (78.2%) 8 (14.5%) 4 (7.3%)
Lumbar discectomy 45 (81.8%) 7 (12.7%) 3 (5.5%)
Endoscopic lumbar discectomy 25 (45.5%) 10 (18.2%) 20 (36.4%)
Spinal tumor resection 21 (38.2%) 10 (18.2%) 24 (43.6%)
Spinal kyphosis surgery 23 (41.8%) 9 (16.4%) 23 (41.8%)
Percutaneous vertebroplasty 28 (50.9%) 5 (9.1%) 22 (40.0%)

Table 3 Number of Surgeries Necessary or Believed to Be Necessary to Master Each Type of Spinal Surgery

(A) (B) (©) AvsBvsC | AvsB AvsC BvsC

MeaniSD | MeantSD | MeantSD | P value P value | P value | P value
Upper cervical surgery 7.3%5.6 142482 19.3£16.8 0.022* 0.253 0.008* 0.136
Anterior cervical decompression/ fusion 6.7+4.2 14.2+12.9 28.846.7 0.001* 0.015* 0.001* 0.243
Posterior cervical decompression/ fusion 9.5+8.4 11.7+2.9 27.3%19.6 0.010* 0.244 0.004* 0.194
Anterior lumbar fusion 8.1+5.6 122+144 19.74£37.9 0.351 0.438 0.155 0.747
Posterior lumbar decompression 14.2%16.2 16.0£14.3 25.0+7.1 0.166 0.502 0.091 0.178
Endoscopic posterior lumbar decompression 13.3£10.8 7.85+2.7 23.0+24.9 0.038* 0.354 0.084 0.018*
Posterior lumbar decompression and fixation 15.011.4 13.6+4.8 33.6+38.4 0.478 0.784 0.275 0.268
Lumbar discectomy 12.6£9.9 11.8+5.4 26.7+5.8 0.050%* 0.753 0.014%* 0.017%*
Endoscopic lumbar discectomy 10.2+6.8 11.5£7.5 24.2+22.4 0.008* 0.59 0.003* 0.035*
Spinal tumor resection 6.5+4.1 10.5£6.9 37.2+60.2 0.001* 0.124 0.001* 0.013*
Spinal kyphosis surgery 10.3£6.3 15.3£13.8 32.3%10.3 0.01I* 0.281 0.004* 0.17
Percutaneous vertebroplasty 42+3.7 17.84£21.9 8.2+104 0.231 0.137 0.253 0.427

Notes: *P <0.05. (A) Operates independently; (B) operates with a senior doctor; and (C) unable to operate independently.
Abbreviation: SD, standard deviation.
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15 M Posterior lumbar decompression and fixation NN 33.6
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10.3 M Spinal kyphosis surgery I 32.3
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9.5 I Posterior cervical decompression/fusion I 27.3
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Figure | Number of surgeries necessary (Group A) or believed to be necessary (Group C) to master each type of spine surgery.

necessary to achieve autonomy ranked differently in Group C than in Group A, with spinal tumor resection ranking the
highest (n=37.2), followed by posterior lumbar decompression and fixation (n=33.6), spinal kyphosis surgery (n=32.3),
and anterior cervical fusion (n=28.8) (Figure 1).

Table 4 shows the frequency of participant ratings for the 10 surgical training technique questions. Over 80% of
surgeons responded that they had considered the following training methods to be effective: “surgeries where a senior
doctor was the main surgeon, and the respondent was the assistant and observer”; “surgeries where the respondent was
the main surgeon, and a senior doctor was the assistant”; “self-study with surgery manuals, articles, and textbooks”; and
“training using video surgery sessions”.

The number of participants in the young and senior groups who responded (A), (B), or (C) to each spinal surgery item
is summarized in Table 5. The senior Group A had a higher percentage of positive responses to (A) than had the young
group, and 100% of the Group A participants responded positively for posterior cervical decompression/fusion, posterior

lumbar decompression, posterior lumbar decompression and fixation, and lumbar discectomy.

Table 4 Participants’ Ratings for the 10 Surgical Training Technique Questions

Strongly | Agree Neither Agree | Disagree | Strongly
Agree Nor Disagree Disagree
Surgeries where a senior doctor was the main surgeon and the 47 7 | 0 0
participant was the assistant and observer
Surgeries where the participant was the main surgeon and a senior 44 8 | 2 0
doctor was the assistant
Self-study with surgery manuals, articles, and textbooks 35 16 4 0 0
Training using surgical video sessions 24 24 7 0 0
Surgical training using cadavers 23 13 I 5 3
Surgeries where the participant was the main surgeon and a doctor 22 I 10 4 8
with less experience in spinal surgery was the assistant
Participation in orthopedic surgeries not involving the spine 20 I 12 9 3
Surgical simulation training using models 19 18 12 6 0
Surgical training on animals 13 17 15 4 6
Surgical training using virtual reality 2 8 31 6 8
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Table 5 Summary of Participants’ Responses for the Young Group and Senior Group

Years Since Obtaining a Medical Young Group Senior Group
License 3-21 Years More than 22 Years

(n=32) (n=23)

Operates Operates Unable to Operates Operates Unable to

Independently | with a Senior | Operate Independently | with Operate

Doctor Independently a Senior Independently
Doctor

A) (B) © A) (B) (©)
Upper cervical surgery 6 (18.8%) 9 (28.1%) 17 (53.1%) 17 (73.9%) 4 (17.4%) 2 (8.7%)
Anterior cervical decompression/fusion | |1 (34.4%) 11 (34.4%) 10 (31.3%) 22 (95.7%) 0 (0%) 1 (4.3%)
Posterior cervical decompression/fusion | 21 (65.6%) 3 (9.4%) 8 (25.0%) 23 (100%) 0 (0%) 0 (0%)
Anterior lumbar fusion 6 (18.8%) 7 (21.9%) 19 (59.4%) 14 (60.9%) 2 (8.7%) 7 (30.4%)
Posterior lumbar decompression 22 (68.8%) 8 (25.0%) 2 (6.3%) 23 (100%) 0 (0%) 0 (%)
Endoscopic posterior lumbar 8 (25.0%) 5 (15.6%) 19 (59.4%) 14 (60.9%) 2 (8.7%) 7 (30.2%)
decompression
Posterior lumbar decompression and 21 (65.6%) 6 (18.8%) 5 (15.6%) 23 (100%) 0 (0%) 0 (0%)
fixation
Lumbar discectomy 22 (68.8%) 7 (21.9%) 3 (9.4%) 23 (100%) 0 (0%) 0 (0%)
Endoscopic lumbar discectomy 9 (28.1%) 8 (25.0%) 15 (46.9%) 17 (73.9%) 2 (8.7%) 4 (17.4%)
Spinal tumor resection 2 (6.3%) 7 (21.9%) 23 (71.9%) 19 (82.6%) 3 (13.0%) | (4.3%)
Spinal kyphosis surgery 3 (94%) 9 (28.1%) 20 (62.5%) 20 (87.0%) 0 (0%) 3 (13.0%)
Percutaneous vertebroplasty 13 (40.6%) 4 (12.5%) 15 (46.9%) 14 (60.9%) 0 (0%) 9 (39.1%)

The number of surgeries reported for each type of spinal surgery for Groups A, B, and C among both young and

senior surgeons is summarized in Table 6. Compared with the young group, the senior group responded that they required

fewer surgeries to perform independently. There were significant differences between both groups, except for endoscopic

posterior lumbar decompression. Furthermore, the number of surgeries tended to be lower than in Table 3.

Table 7 shows the frequency of participant ratings for the 10 surgical training technique questions in the young and

senior groups. This trend is similar to that shown in Table 4. When stratified according to age, no change in surgical

training techniques improved surgical skills.

Table 6 Number of Surgeries Necessary or Believed to Be Necessary to Master Each Type of Spinal
Surgery for the Young and Senior Groups

Years Since Obtaining a Medical License Young Group Senior Group P value

3-21 Years More than 22 Years

(n=32) (n=23)
Upper cervical surgery 15.8+14.4 7.43£5.66 0.020%
Anterior cervical decompression/fusion 16.8+20.8 6.70+4.85 0.005%
Posterior cervical decompression/fusion 15.8+£14.0 7.13+5.86 0.001*
Anterior lumbar fusion 20.5+35.0 6.13+4.17 0.0001*
Posterior lumbar decompression 16.7x11.5 12.4+20 0.004*
Endoscopic posterior lumbar decompression 21.7+23.6 11.3+7.85 0.056
Posterior lumbar decompression and fixation 21.0x18.3 10.2£7.16 0.001*
Lumbar discectomy 16.8£10.8 8.43+5.11 0.001*
Endoscopic lumbar discectomy 19.0£19.0 10.0+7.0 0.048%
Spinal tumor resection 30.4+53.3 7.04+4.82 0.0001°
Spinal kyphosis surgery 28.5+51.5 8.961+4.95 0.0001°
Percutaneous vertebroplasty 8.94+11.7 4.09+4.55 0.0001°

Note: *P <0.05.
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Table 7 Participants’ Ratings for the 10 Surgical Training Technique Questions for the Young and Senior Groups

Strongly Disagree | Neither Agree | Strongly
Disagree Agree Nor Agree
Disagree
Surgeries where a senior doctor was the main surgeon and the participant | 20 2 | 0 0
was the assistant and observer
Surgeries where the participant was the main surgeon and a senior doctor | 15 5 | 2 0
was the assistant
Self-study with surgery manuals, articles, and textbooks 16 5 2 0 0
Training using surgical video sessions 9 I 3 0 0
Surgical training using cadavers 8 3 6 3 3
Surgeries where the participant was the main surgeon and a doctor with 6 2 5 4 6
less experience in spinal surgery was the assistant
Participation in orthopedic surgeries not involving the spine 10 4 6 | 2
Surgical simulation training using models 5 8 6 4 0
Surgical training on animals 3 6 6 3 5
Surgical training using virtual reality | 4 15 0 3

The senior group made the following statements in response to what should be done to improve surgical skills:

LR N3

“watching good surgeons perform surgeries”, “being humble and remembering the first visit”, “always having the desire

LR I3

to improve”, “clarifying any uncertainties you have by image training, acting as if you are performing the actual surgery

CLINT3 EEINT3

before going into surgery”, “accumulating know-how by taking notes”, “writing your own surgical record even if you are

an assistant”, “observing surgeries at other facilities and multiple facilities”, and “being close to your peers to stimulate
each other”.

Discussion

Surgical experience is required to acquire the skills necessary to perform spinal surgery. However, no studies have
determined the number of spine surgical procedures required to independently perform specific spine surgeries. Not
knowing how many surgeries are required to acquire competence may be challenging for physicians deciding a career
path and choosing training hospitals to develop their required skills. Furthermore, understanding the number of spine
surgeries that need to be performed is beneficial when designing training programs for inexperienced surgeons, as it
ensures that inexperienced surgeons do not prematurely perform surgeries independently.

Our questionnaire survey found that spine surgeons must perform 4—15 surgeries to acquire the necessary skills for
each surgical procedure. These values differed somewhat from the number of surgeries required for skill acquisition by
inexperienced surgeons (Figure 1). Surgeons performing these surgeries independently require more basic spinal surgical
procedures (eg, lumbar discectomy, endoscopic posterior lumbar decompression, posterior lumbar decompression,
posterior lumbar decompression, and fixation). The results of this survey showed that without prior experience in
spine surgery, surgeons would typically need to perform 12—15 basic posterior lumbar spine surgeries. Furthermore,
our data suggest that once a surgeon acquires the skills necessary for basic spinal procedures, it is possible to acquire the
skills required to perform what are typically considered more difficult spine surgeries throughout less than 10 corre-
sponding surgeries. According to our findings, surgeons found it preferable to ask for assistance from a senior doctor
during the first 12—15 surgeries and operate on typical cases to prevent harm to the patient (Figure 2). Our survey findings
suggest that spine surgeons unable to independently perform each type of spine surgery believed that they needed to
perform more surgeries than those who were already able to perform such surgeries independently. Significant differ-
ences in the number of surgeries were noted in upper cervical surgery, anterior cervical decompression/fusion, posterior
cervical decompression/fusion, lumbar discectomy, spinal tumor resection, and spinal kyphosis surgery. These surgical
procedures, except for lumbar discectomy, are not performed as often as other surgeries, indicating fewer opportunities to
experience and learn these techniques. Table 8 summarizes the actual number of spinal surgeries performed at each
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It may then be possible to acquire the skills to
undertake spinal surgeries that are typically
considered more difficult

(Under 10 cases) |

If skills in basic spinal surgical
procedures can be attained in this
manner

Other spinal
surgeries

¢ Lumbar discectmy

¢ Posterior lumbar
decompression

¢ Posterior lumbar
decompression and fixation

||
_ Basic posterior lumbar
spine surgeries
ranged from 12 to 15
€asces

No experience with spinal surgery When skills had not been acquired, the
respondents considered it preferable to
ask a senior doctor for assistance

Figure 2 Spinal surgery skill acquisition plan.

hospital. The results suggest that inexperienced spine surgeons find these surgeries difficult. To develop the skills
required for these surgical procedures, surgeons must acquire the necessary experience in a facility that performs
many of these surgeries. Building a system in which inexperienced spine surgeons can obtain this experience is desirable.

Regarding Group B, the surgeries where “the number of positive responses to B is between those of positive
responses to A and C” included “anterior cervical decompression/fusion” and “upper cervical surgery” cervical spine-
related surgeries, while the surgeries where “the number of positive responses B was similar to that of positive responses
to A” included “endoscopic posterior lumbar decompression”, “lumbar discectomy”, “endoscopic lumbar discectomy”,
and “spinal tumor resection” endoscopic and lumbar spine-related surgeries. “Endoscopic posterior lumbar discectomy”,
“endoscopic posterior lumbar decompression”, “lumbar discectomy”, and “endoscopic lumbar discectomy” are proce-
dures that are often performed alone without an assistant. When participants can perform surgery with an assistant, it is

likely that they have already mastered the technique and are primarily independent (ie, the contribution of the senior

Table 8 Number of Spine Surgeries Performed at Orthopedic Clinics

Hospital

| 1l m (v | v Vi | vl (vl [ IX | X | XI | XII | XII | XIV
Upper cervical surgery 0 0 0 2 0 0 0 0 0 0 0 4 0 0
Anterior cervical decompression/fusion I 0 0 5 | 2 0 0 0 0 | 15 0 0
Posterior cervical decompression/fusion 5 | Il 17 |5 2 5 7 3 6 I 78 0 9
Anterior lumbar fusion 24 (0 0 6 0 0 0 0 0 0 0 39 0 0
Posterior lumbar decompression I 10 15 | 25 3 0 | 14 7 23 | 6 32 88 20
Endoscopic posterior lumbar decompression 0 0 2 12 |0 0 0 0 0 0 0 6 0 2
Posterior lumbar decompression and fixation 18 16 10 | 30 15 | 41 9 34 4 13 12 147 124 13
Lumbar discectomy 4 | 8 8 4 0 2 28 3 10 13 19 86 9
Endoscopic lumbar discectomy 0 0 0 14 | 0 2 0 0 5 0 38 0 23
Spinal tumor resection 0 0 0 | 0 0 0 | 0 | 0 6 0 0
Spinal kyphosis surgery 0 0 0 4 0 0 0 0 0 0 0 0 0 0
Percutaneous vertebroplasty 12 |0 2 | 0 0 0 0 0 0 0 20 0 0
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physician to the surgery is relatively small in “endoscopic posterior lumbar decompression”, “lumbar discectomy”, and
endoscopic lumbar discectomy). These factors might not have differed between Groups B and A. However, in “anterior
cervical decompression/fusion” and “upper cervical surgery”, cervical spine-related surgery involves many vital tissues,
including the esophagus, trachea, and carotid artery, and the importance of assistants is relatively high due to the
difficulty of approach and number of complications. There may have been a gap between Group B, where surgery can be
performed with an assistant, and Group A, where surgery can be performed independently (ie, without assistance from
a senior physician).

Over 80% of respondents indicated that having a senior doctor participating as an assistant, assisting a senior doctor
who taught the procedure, and using surgical textbooks, research articles, lectures, and surgical videos were effective
training methods. In contrast, > 50% of participants responded that surgical training on animals was ineffective. Training
methods requiring special equipment, including cadavers or animal models, simulations, and virtual reality, have yielded
inconsistent results, being deemed useful by some and unhelpful by others. In previous reports, cadaveric and animal
models were reportedly less available and inferior in terms of cost and effectiveness.”* However, virtual reality has been
reported to be an effective training method.” Due to the COVID-19 pandemic, cadaver and animal model training has
become less accessible, making it more difficult for inexperienced surgeons to acquire valuable training. However,
simulations and virtual reality have become more popular.”'” These training methods can be more effective if an
appropriate training environment is established. In recent years, robot-assisted surgery has also been reported to improve
the learning curve for complicated operations;'' however, its availability varies, and the number of surgeries performed is
low.'? Elimination of bias with respect to the number of surgeries and equipment at training facilities is likely to promote
a more efficient training system for spine surgeons.

Participants in Group C were younger and less experienced than were those in Group A. Because it is useful to stratify the
results according to experience, we performed the same analysis in the young and senior groups. Table 5 and Table 6 show
that the senior group required fewer surgeries to perform independently than required the young group, and the number of
surgeries tended to be lower than those shown in Table 3. Stratifying the results according to age (years of experience) rather
than grouping the results according to the surgeon’s personal opinion may provide more relevant information. However, even
if the senior group has been working for a long time, has previously engaged in basic research, or worked in a hospital that is
primarily an outpatient or rehabilitation center, it cannot be said that they generally have good surgical skills. Nonetheless,
some physicians have good surgical skills, even if they have been in the hospital for a short period. Therefore, both
comparisons, classified according to Groups A, B, and C, and according to age (years of experience), are relevant.

As shown in Table 7, there was no difference between the young and senior groups in terms of the training required to
improve their surgical skills. The recently introduced virtual reality technology is not highly rated, and it seems that
textbooks and videos remain essential to assist both skilled senior surgeons and those less skilled in spine surgery to
improve surgical skills, as has been the case for many years.

Previous studies have often focused on the number of surgeons and number of operations in a hospital' > but have not
investigated the number of operations that a surgeon should experience. Although one article has discussed the number of
operations required in general orthopedic surgery,® to our knowledge, our study is the first to focus specifically on spine
surgery, which highlights its novelty.

There also seems to be a slight difference between the number of operations required to acquire general orthopedic
and spine surgery skills. In other words, as surgeons gain more surgical experience, even in non-spinal surgery, they
develop knowledge of the basic principles of orthopedic surgery and spatial anatomy and, consequently, even if starting
from zero knowledge and skills, likely required less surgeries to master spinal surgery compared with general orthopedic
surgery. This information will contribute to developing careers and educational systems for spine surgeons.

Limitations

This study has a few limitations. First, the survey involved self-evaluation, and the accuracy of the reported surgical
techniques and skill levels were not investigated. Second, the response rate and number of participants were low. Third,
most surgeons involved in this study performed <90 cases yearly. This study queried spine surgeons at two university
hospitals and affiliated hospitals primarily involved in community medicine. The professors of these two medical
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departments were from the same university; therefore, there would be fewer differences in the assessment of surgical
indications and details of surgical procedures between both hospitals. Moreover, since each hospital is affiliated with
a medical department responsible for community medicine, spine surgeons must routinely perform not only spine surgery
but also trauma surgery, resulting in fewer spine surgeries per year (Table 8). Moreover, the hospitals that cooperated in
the survey were university hospitals and affiliated hospitals whose purpose is to educate young spine surgeons, and this
also tended to lower the number of spine surgeries performed per year. Spine specialty hospitals and private hospitals,
including spine centers located in urban centers that perform a large number of spine surgeries, were not included in the
survey because of the possibility of bias due to possible differences in the assessment of surgical indications, surgical
methods, and educational methods. Although this study may be significantly improved if it is more geographically and
demographically diverse, it is still relevant because the data were obtained from hospitals with the same evaluation of
surgical indications, surgical procedures, and educational policies.

Conclusion

The number of surgeries considered necessary for spine surgeons to operate independently ranged from 12 to 15 for basic
posterior lumbar spine surgery and <10 for other surgeries. Compared to surgeons who were able to perform a certain
surgery independently, surgeons who were not yet independent believed that they required more experience in perform-
ing such surgeries. Preoperative preparation using textbooks and surgical procedure books, watching surgical videos, and
participating in on-The-job training with patients are effective strategies for acquiring and improving surgical skills.
Therefore, an efficient training system for spinal surgeons must be developed.
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